Fenestration of the basilar artery (BA) is a rare variant of the intracranial artery, well demonstrated in autopsy and angiographic studies. Some angiographic series show a high incidence of associated aneurysms at the basilar fenestration site. The purpose of this study is to report the incidence of BA fenestration, its configurations, associated aneurysms, and arterial anomalies in a large series of intracranial MR angiograms (MRAs).
Introduction
The basilar artery (BA) is formed by a fusion of the primitive longitudinal neural arteries by approximately the fifth fetal week. BA fenestrations result from incomplete fusion of these arteries 1 , and are more common in the proximal segment of the BA [1] [2] [3] [4] . The term fenestration has been used interchangeably with partial duplication or segmental duplication. Most fenestrations are smaller than 5 mm in length 5, 6 . The frequency of BA fenestrations has been found to be 0.28%-5.26% in autopsy series 7-10 , 0.3%-0.6% in angiographic series 11, 12 and 1.0% -2.07% in magnetic resonance angiography (MRA) series [13] [14] [15] . Saccular aneurysms are occasionally found at the BA fenestration site 2, 14, [16] [17] [18] [19] [20] [21] [22] [23] . This study reports the incidence of BA fenestrations, their configurations, associated aneurysms, and arterial anomalies in a large series of intracranial MR angiograms.
Materials and Methods
A waiver of informed consent was granted by our institutional review board because of the retrospective and anonymous nature of this study. At our institution, MRAs are generally performed in all cases whenever brain magnetic resonance imaging (MRI) is ordered. Between April 2008 and March 2011, non-contrast MRAs with 3D time-of-flight (TOF) technique were performed in 16,471 cases (8,621 males; 7,850 females) for various indications. A total of 55 cases were excluded: those that had suboptimal preting MRA evaluated and confirmed the findings. If more than one MRA was performed on the same patient over the course of three years, the best quality MRA was evaluated for the study. We recorded location and the distance from the proximal to distal end of the BA fenestration, associated aneurysms and arterial anomalies.
Results
Among 16,416 cases, 215 BA fenestrations were found in 212 cases (1.29%). The average age of the cases was 63.7 years, and there were 108 men and 104 women. Only three BA fenestrations were located at the distal segment of the BA, and 209 were located at the proximal segment. The average length of fenestration was 4.6 mm (1.6 mm-15.6 mm). All the BA fenestrations were segmental type. There was no case of fenestration of the entire segment of the BA in this series. Single fenestrations were found in 209 of 212 cases. The total frequency of the single fenestration was 1.27% (209/16416). Double fenestrations were found in three of 212 cases. One case had separate fenestrations in the distal and proximal seg-image quality, occlusion of the BA or if the entire BA was not visualized. "Dimple"-like configurations that were not considered fenestrations were excluded from BA fenestration cases. A total of 16,416 cases (8,595 males; 7,821 females) aged one to 100 years were included in this study.
The MRI scanners and imaging parameters were GE Signa Excite 1.5T scanner (GE Health Care, Milwaukee, USA) TR 28.0~34.0 ms, TE 3.4~6.3 ms, FOV 200×200 mm, matrix 256×160, slab thickness 96 mm, reconstructed slice thickness 1.2 mm; Siemens Avanto 1.5T scanner (Siemens Medical Solutions, Erlangen, Germany) TR 34.0 ms, TE 6.8 ms, FOV 210×189 mm, matrix 320×187, slab thickness 96 mm, reconstructed slice thickness 0.95 mm; and Siemens Magnetom Expert 1.0T scanner (Siemens Medical Solutions, Erlangen, Germany) TR 37.0 ms, TE 10.9 ms, FOV 150×200 mm, matrix 195×320, slab thickness 92 mm, reconstructed slice thickness 2 mm. Twelve pairs of stereoscopic MRA images with maximum intensity projection (MIP) technique in 16,416 cases were reviewed by a third year resident (KS), using 9-Mb monitors (IBM). When fenestrations were detected, a staff neuroradiologist (TO) with 25 years experience of inter- "partial fenestration" 11 , "partial duplication" 27, 28 , "segmental duplication" 2, 3, 16, 17, 25, 26, 28 and "localized duplication" 6, 25 . The BA is formed by fusion of the paired longitudinal neural arteries during development. Therefore it is probably more appropriate to use the term "segmentally unfused arteries" to refer this anatomical variant 29 . All the BA fenestrations we found were short segment configuration.
Previous studies have shown that the prevalence of the BA fenestrations was 0.28%-5.26% 7-10 in anatomic dissections, 0.3%-0.6% in angiographic series 11, 12 and 1.0%-2.07% in MRA series [13] [14] [15] . In our study, the prevalence of BA fenestration was 1.29% (212/16416) which is higher than those in angiographic series. The discrepancy between the prevalences of angiographic series and MRA series could be explained by obscuration of BA fenestration on selective vertebral angiograms by laminar flow from the contralateral VA 13 .
In an MRA study by Tanaka et al., the average size of BA fenestration was 2.4 mm 14 . In Finlay and Canham's autopsy series, fenestrations were relatively small, with the largest one approximately 5 mm long 5 . Campos et al. reported the length of the BA fenestration in 21 cases with angiogram. In six cases, the length of the fenestration measured less than 5 mm; in 14 cases it measured 6-10 mm; and in one case it was 15 mm 16 . In our study, the average length of the fenestration was 4.6 mm. The largest one was 15.6 mm. Since it is a two-dimensional measurement from the frontal view of an MIP image, there is a possibility that underestimations of the length were made in some cases.
In our study, fenestration of the entire segment of the BA was not found. Many authors reported this configuration of the BA fenestration 6, 11, 26, 27 , with its frequency of 0.3% 6 . Our result suggests that the frequency of complete fenestration is probably lower than 0.006% (1/16,416) . BA fenestration is usually single but a case with multiple fenestrations of the vertebrobasilar system has been reported30. In our study, 209 of 212 cases of BA fenestrations were single fenestrations, double fenestrations were found in three cases. Thus, the prevalence of single fenestration was 1.27% (209/16,416), and that of double fenestrations was 0.018% (3/16,416) . This is very close to the square of the prevalence of single fenestration ([0.0127] 2 =0.016%), suggesting that each occurrence of the BA fenestration is an independent phenomenon. ment of the BA (Figure 1 ). The other two cases had adjacent fenestrations in the proximal segment ( Figure 2 ). And total frequency of the double fenestration was 0.018% (3/16416). Thirteen aneurysms were found in nine fenestration cases. All the aneurysms were located outside the BA fenestration site. The number and locations of these 13 aneurysms were seven in the MCA, one in the ACA, one in the Acom, two in the IC-PC, one in the ICA siphon, and one in the VA. Associated vascular anomalies were found in 25 cases: one VA fenestration, three ACA fenestrations, one common anterior inferior cerebellar artery-posterior inferior cerebellar artery, three azygos ACAs, four triple ACAs, two duplication of MCAs, and 11 accessory MCAs.
Discussion
Although previous studies have shown associated aneurysms at the basilar artery (BA) fenestration site, most studies were from angiographic series in symptomatic cases with subarachnoid hemorrhage. Our study of a large number of MRAs showed no associated aneurysms at the BA fenestration site.
BA Fenestration
The BA is formed by fusion of the paired longitudinal neural arteries at the 4 to 5 mm embryo during its first stage. During the second stage of development at five week's gestation, fusion of the channels gradually starts to form the BA. BA fenestrations result from incomplete fusion of these arteries 1 , and may occur anywhere along its course. Most BA fenestrations, however, were located at the proximal segment in previous reports [1] [2] [3] [4] . All the BA fenestrations in our study were located at the proximal segment of the BA except for three cases. The fusion usually occurs in a craniocaudal direction. This craniocaudal direction may underlie the frequent fenestration of the BA at its proximal segment 15 .
Various configurations of the fenestration have been described using several terms. Fenestration of the entire segment of the BA has been called "duplication" 24, 25 , "total duplication" 13, 26 , "complete fenestration" 11 , "complete duplication" 3, 15, 16, 27, 28 and "extreme fenestration" 26, 27 . Fenestration of the short segment of the BA has been termed "fenestration" 16, 26 ,
Limitations
Our study has some limitations. Although it is reported that MRA with the volume rendering technique is better than that with the MIP reconstruction technique to detect small aneurysms 36 , this technique was not available and was not used in our study. During the early phase of our study, some MRAs were performed on 1.0T unit which has less spatial resolution than that of 1.5T unit. This might have led smaller aneurysms to be missed.
A previous study showed that contrast-enhanced MRA had a higher sensitivity in the depiction of cerebral aneurysms than non-contrast 3D-TOF technique 37 . It is also reported that 3D CT angiography (CTA) is less reliable for ruling out the presence of aneurysm than digital subtraction angiography (DSA) 38 . Contrast-enhanced MRA, 3D CTA and DSA have better capabilities for delineating small aneurysms than non-contrast MRA with 3D-TOF technique. However, these are not suitable for studying asymptomatic patients or screening.
MRA on higher magnetic field strength imager with 3D reconstruction technique may depict smaller aneurysms at the BA fenestration. The long-term follow-up of these 212 cases with BA fenestrations using these high resolution MRAs may contribute to the study of the natural history of BA fenestration in relation to aneurysm formation.
Conclusion
Fenestration of the BA is uncommonly seen on intracranial MRA. Although previous reports have stated that this anatomical variant is frequently associated with aneurysm, our study of a large number of MRAs suggests that aneurysms may not be associated with BA fenestrations with a high frequency.
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Associated Aneurysm
There have been many reports of saccular aneurysms associated with the BA fenestrations 2, 14, [16] [17] [18] [19] [20] [21] [22] [23] . Most of these aneurysms were located at the proximal end of the BA fenestration. Aneurysms at the distal end of the fenestration were rare 17 . Hemodynamic stress and absence of the media at the fenestration are thought to be the cause of aneurysm formation 2, 16, 31, 32 .
The incidence of aneurysm at the BA fenestration was 7.0%-66.7% in angiographic studies 12, 22, 33 . However, there is one report that showed BA fenestrations were not related to the occurrence of aneurysms 11 .
To the best of our knowledge, our study is the largest series of BA fenestration demonstrated on MRA. Our series showed no aneurysm at the BA fenestration site. Only two of the 212 cases had a history of subarachnoid haemorrhage (SAH) due to ruptured aneurysm outside the BA.
Our study of 16, 416 MRAs is probably a better reflection of the prevalence of BA fenestrations and associated aneurysms in the general population than the previous angiographic studies that were done in mostly symptomatic cases 2,17-23 . Tasker et al. reported nine cases of BA fenestration on angiograms. In six cases, the aneurysms arose at the site of BA fenestration. Five cases out of six BA fenestration cases presented with SAH, and the other case of BA fenestration was found as an incidental finding 22 . Our result suggests that BA fenestrations are not frequently associated with aneurysm formations at the BA fenestration site in cases that underwent MRA for reasons other than SAH. This could explain the discrepancy between the high incidence of aneurysms at BA fenestration in previous reports and our result of no association of aneurysms.
Associated Vascular Variant
BA fenestration associated with persistent primitive trigeminal artery 34, 35 and persistent primitive hypoglossal artery 4 are reported. We did not find these anomalies in our cases.
